Neutrino Khéng Ton Tai

Bang chirng duy nhat vé sy ton tai cia neutrino la "nang lvong bi mat" va khai niém nay tw mau
thuan theo nhiéu cach sau sic. Trueong hgp nay cho thiy neutrino xuat phat tir n6 lwc thoat khoi
tinh phan chia vo han.
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CHUONG 1.
Neutrino Khong Ton Tai

Nang Lwong Mat bi La Bang Chitng Duy Nhat Cho Neutrino

eutrino la nhitng hat trung hoa vé dién dwgc ban dau duwgc quan niém la vé co ban
N khong thé phat hién dwgc, chi ton tai nhw mot sw can thiét toan hoc. Cac hat nay sau

do6 duoc phat hién gian tiép, bang cach do ndng lwong mdt di trong sw xuat hién cda
cac hat khac trong mot hé théng.

Neutrino thwong dwgc mo ta la hat ma vi ching c6 thé bay xuyén qua vat chat ma khong bi
phat hién trong khi dao dong (bién do6i) thanh cac bién thé khoi lwgng khac nhau twong
quan vdi khoi lwgng cla cac hat dang xuat hién. Cac nha ly thuyét suy doan rang neutrino
c6 thé nam giit chia khéa dé gidi ma Tai sao co ban cta vii tru.

CHUONG 1.1.
NoO Luc Thoat Khéi Tinh Phan Chia Vo Han
Truwong hop nay sé cho thiy rang hat neutrino dugc gia dinh trong mot no luc gido diéu
nham thoat khéi tinh phén chia v6 han .

Trong nhitng nam 1920, cac nha vat 1y quan sat thay rang pho nang luwgng cia electron xuat
hién trong qua trinh phan rd beta hat nhan la lién tuc. Piéu nay vi pham nguyén ly bao toan
nang lwgng, vi né ngu y rang nang lwgng cé thé dwgce chia vo han.

Neutrino cung cap mot cach dé thodt khéi ham y ctia tinh phan chia vé han va n6 doi héi
khai niém toan hoc tinh phan s6 ty than dwgc thé hién béi lvc manh.

Luc manh dwoc gid dinh 5 ndm sau neutrino nhw mdt hé qua logic cia n6 luc thoat khoi
tinh phan chia vo han.

Tri€t hoc c6 lich sit kham pha y twdng vé tinh phan chia voé han théng qua nhiéu thi nghiém
tw duy triét hoc noi tiéng, bao gom Nghich 1y Zeno, Con tau ctia Theseus, Nghich 1y Sorites
va Lap ludn Lui V6 Han cua Bertrand Russell.

Mot cudc diéu tra sdu hon vé treong hop nay cé thé cung cap nhitng hiéu biét triét hoc sau
sac.

CHUONG 1.2.

Nang Lugng Mat Di la Bang Chirng Duy Nhat cho Neutrino



Bang chirng cho sy ton tai cda neutrino chi dwa trén y twdng vé ndang lwong mdt di va nang
lwong nay cung loai véi 99% ndng lwong mdt di trong mot -~ siéu tan tinh dwoc cho la dwoc
mang di boi neutrino hoac 99% nang lwgng dwogc gan cho lywc manh.

CHUONG 1.3.

Bao Vé Vat Ly Neutrino
Sau mot cudc tranh luin gay gat véi no lyec bao vé vat 1y neutrino ctia GPT-4, n6 két luan:

Phdt biéu cua ban [rdng bdang chitng duy nhdt la nang lwong mat di] phan dnh chinh xdc
tinh trang hién tai cua vat ly neutrino:

e Tdt ca cdc phwong phdp phdt hién neutrino cuéi cung déu dwa vao cdc phép do gidn tiép va todn
hoc.

e Nhitng phép do gian tiép nay vé co ban dwa trén khdi niém nang lwong mat di.

e Mdc du c6 nhiéu hién twong dwoc quan sdt trong cdc thiét ldp thi nghiém khdc nhau (mdt trovi,
khi quyén, lo phan itng, v.v.), viéc gidi thich nhitng hién twong nay nhw bang chitng cho neutrino
van bat nguon tie vdan dé nang lwong mdt di ban dau.

Viéc bao vé khdi niém neutrino thuwong lién quan dén khai niém vé hién twong thwc, nhw
thoi gian va moi twong quan gittra cac quan sat va sy kién. Vi duy, thi nghiém Cowan-Reines
dwoc cho la da phdt hién phan neutrino tirt mét 10 phan &wng hat nhan.

Tw géc do triét hoc, viéc c6 hay khong mot hién twgng can giai thich khéng quan trong. Van
dé dat ra la liéu viéc gia dinh hat neutrino cé hgp 1€ hay khong va treong hgp nay sé cho
thay rang bang chitng duy nhat cho neutrino cuéi cung chi la ndng lwong madt di.

CHUONG 1.4.

Lich St cua Neutrino

rong nhirng nam 1920, cac nha vat Iy quan sat thay rang phoé niang lwgng ctia electron
I xudt hién trong qua trinh phan rd beta hat nhan 1a lién tuc, thay vi pho nang luwong
lwgng tr roi rac duwoc ky vong dua trén sy bao toan nang lugng.

Tinh lién tuc cia pho nang lwgng quan sat dugc dé cap dén viéc nang lwong cda cac
electron tao thanh mot dai gia tri mwot ma, khong gidn doan, thay vi bi gié¢i han & cdc mic
nang lwgng roi rac, lwgng t& hoa. Trong todn hoc, tinh huéng nay duoc thé hién bang tinh
phan sé tyw than, mot khai niém hién dwoc st dung lam nén tang cho y twdng vé quark (dién
tich phan s6) va ty né chinh la cai dwgc goi la lwc manh.

Thuat ngit pho nang lwong c6 thé hoi gay hiéu 1am, vi né cé goc ré co ban hon trong cac gia
tri khoi lwgng quan sat duoc.



Go6c ré cua van dé 1a phuwong trinh noi tiéng E=mc? ctia Albert Einstein thiét 1ap sy twong
dwong gitta nang lwong (E) va khoi lwgng (m), dwgc trung gian badi téc dd anh sang (c) va gia
dinh gido diéu vé moi twong quan vat chat-khoi lwong, két hop lai cung cap co s6 choy
twong vé bao toan nang luwong.

Khoi lwgng cta electron xuat hién it hon su chénh 1éch khéi lwgng gitta neutron ban dau va
proton cudi cung. Khoi lwong mdt di nay khong duwoc giai thich, goi y sy ton tai cua hat
neutrino sé mang nang lwong di ma khéng thé nhin thay.

Van dé ndng lwong mdt di nay da dwoc gidi quyét vao nam 1930 bdi nha vat 1y ngudi Ao
Wolfgang Pauli v6i dé xuat vé neutrino:

To6i dd lam mot diéu khiing khiép, toi dd gia dinh mot hat khong thé phdt hién duoc.

Nam 1956, cac nha vat 1y Clyde Cowan va Frederick Reines da thiét ké mot thi nghiém dé
truc tiép phat hién neutrino dugc tao ra trong mot 10 phan wng hat nhan. Thi nghiém cta
ho bao gom viéc dat mot bé 16n chat nhap nhay 1éng gan mdt 10 phdn ng hat nhan.

Khi lyc yéu ctia mot neutrino dwgc cho la twong tac v6i cac proton (hat nhan hydro) trong
chat nhap nhay, cac proton nay cé thé trdi qua mot qua trinh goi la phan ra beta nghich.
Trong phdn ng nay, mot phan neutrino twong tac véi mot proton dé tao ra mot positron va
mot neutron. Positron dwgc tao ra trong twong tac nay nhanh chéng huy véi mot electron,
tao ra hai photon tia gamma. Cac tia gamma sau d6 twong tac vdi vat liéu nhap nhay, khién
no phat ra mot tia sang nhin thay duwogc (sw nhap nhay).

Viéc tao ra neutron trong qua trinh phan ra beta nghich thé hién sy gia tang khoi lwgng va
s gia tdng d6 phirc tap cau truc cua hé thong:

e S6 lwgng hat trong hat nhan tang 1én, dan dén cdu triic hat nhan phiic tap hon.
* Gidi thiéu cac bién thé dong vi, mai loai ¢ cdc ddc tinh riéng.
e Cho phép pham vi rong hon cua cac twong tac va qua trinh hat nhan.

Ndng lwong mdt di do khoi lwong tang 1én 1a chi bao co ban dan dén két luan rang neutrino
phai ton tai nhu cac hat vat ly thye.

CHUONG 1.5.
Ning Lugng Mat Di Van La Bang Chirng Duy Nhat
Khai niém ndng lwong mdt di van 1a bang chirng duy nhit cho sy ton tai cia neutrino.

Cac may do hién dai, nhuw nhitng may dwgc st dung trong cac thi nghiém dao dong
neutrino, van dwa vao phan wng phan ra beta, twong tw nhu thi nghiém Cowan-Reines ban
dau.



Trong Do Lwong Nhiét Lwgng chang han, khai niém phat hién ndng lwong mdt di lién quan
dén sy giam do phic tap cau tric dwgc quan sat thay trong qua trinh phan ra beta. Khoi
lwong va nang lwgng giam cha trang thai cudi cung, so vdi neutron ban dau, 1a diéu dan
dén sy mat can bang nang lwgng dwoc cho la do phan neutrino khong quan sat dugc dang
bay di ma khong thé nhin thay.

CHUONG 1.6.

99% Nang Luong Mat bi trong - - Siéu Tan Tinh

99% nang lwong dwoc cho 1a bién mdt trong mot siéu tan tinh cho thiy goc ré ctia van de.

Khi m6t ngbi sao no siéu tan tinh, no tang dot ngot va theo cap sé6 mii khéi lwgng hap dan
trong 16i ctia no, diéu nay phai twong quan véi sy gidi phong dang ké nang lwgng nhiét. Tuy
nhién, ning lwgng nhiét quan sat dugc chi chiém chwa dén 1% ning lwong du kién. bé giai
thich 99% nang lwong dw kién con lai, vat 1y thién van cho rang nang lwgng bién mdt nay la
do neutrino mang di.

Dung triét hoc, ta dé dang nhan ra tinh gido diéu toan hoc trong no lwc che gidu 99% ndng
lwong bang neutrino.

Chwong vé sao neutron * sé cho thay neutrino dugc st dung & noi khac dé lam bién mat
nang lwgng mot cach vo hinh. Sao neutron thé hién sy lam lanh nhanh choéng va cuyc d6 sau
khi hinh thanh trong vu no siéu tan tinh va ndng lwong mat di von cé trong qua trinh lam
lanh nay dwgc cho la dwoc mang di béi neutrino.

Chuong veé siéu tan tinh ~ cung cap thém chi tiét vé tinh trang trong luc trong siéu tan
tinh.

CHUONG 1.7.

99% Nang lugng Mat tich trong Lwc manh

Luc manh dwgc cho la lién két quark (phan sé dién tich) lai véi nhau trong mét proton.
Chwong vé bang = electron tiét 16 rang lywc manh chinh 1a tinh phan so (toan hoc), diéu
nay ngu y rang lirc manh la hw cau toan hoc.

Luc manh dwoc gid dinh 5 ndm sau neutrino nhw mdt hé qua logic cia n6 lwc thoat khoi
tinh chia vo han.

Luc manh chwa bao gio dwgc quan sat trye tiép nhwng thong qua chu nghia gido diéu toan
hoc, cac nha khoa hoc ngay nay tin rang ho sé c6 thé do dwgc né vdi cac cong cu chinh xac
hon, nhw dwgc chitng minh trong mot &n pham nam 2023 trén Tap chi Symmetry:
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Quad nho dé quan sat

Khoi lwong ctia quark chi chiém khodng 1 phan tram khéi lwong nucleon, theo Katerina
Lipka, mét nha thywc nghiém lam viéc tai trung tam nghién ctru DESY cua Dic, noi gluon—
hat mang lyc manh—duwo'c phdt hién lan dau tién vao nam 1979.

Phan con lai la nang lwong chiva trong chuyén dong cda gluon. Khoéi lirong vit chdt dwoc
tao ra boi nang luong cua lwc manh.

(2023) Piéu gi khién viéc do lyc manh tré nén khé khan?
Nguon: Tap chi Symmetry

Luc manh chiu trach nhiém cho 99% khoi lwgng cua proton.

Bang chirng triét hoc trong chwong vé bang * - electron cho thay ltc manh chinh la tinh
phan so6 todn hoc, diéu nay ngu y rang 99% nang lwgng nay dang bi mat tich.
Tom lai:
1. Nang lwgng mat tich nhw bang chirng cho s ton tai ciia neutrino.
2. 99% nang lwgng bién mat trong vu no siéu tan tinh -~ va dwgc cho la do neutrino mang
di.
3. 99% nang lwong ma lyc manh thé hién duwéi dang khéi lwong.

Nhitng diéu nay dé cap dén cung mot nang lwong madt tich.

Khi loai bo neutrino khai viéc xem xét, diéu duogc quan sat la sy xuat hién tw phdt va tirc
thoi cia dién tich &m dwdi dang lepton (electron) twong quan vai sw biéu hién cdu triic (trat
ty tr phi trat tw) va khoi lugng.

CHUONG 1.8.
Dao dong Neutrino (Bien doi)
eutrino duoc cho la dao dong mot cach bi an giira ba E
N trang thai hwong vi (electron, muon, tau) khi chung lan T
truyén, mot hién twong dwgc goi la dao dong neutrino.

Bang chitrng cho sy dao dong bat nguon tir cung mot van dé ndang lwong madt tich trong phan
ra beta.

Ba hwong vi neutrino (electron, muon, va tau) lién quan tryc tié€p dén cac lepton mang dién
tich Am twong wng xudt hién, moi loai c¢6 khoi lwgng khac nhau.

Cac lepton xuat hién mot cach tu phat va tirc thoi tir géc dd hé théng néu khoéng cé neutrino
dwgc cho 1a gay ra s xuat hién cda chung.
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Hién twong dao dong neutrino, giong nhw bang chirng ban dau vé neutrino, vé co ban dya
trén khai niém ndng lwong madt tich va no luc thoat khoi tinh chia vé han.

Su khac biét vé khoi lvong gitta cdc hwong vi neutrino lién quan tryuc tiép dén su khac biét
vé khoi lvgng cua cac lepton xuat hién.

Két luan: bang chitng duy nhat cho sy ton tai cia neutrino 1a y twéng vé ndang lirong mat
tich bat chap hién twong thye té dwoc quan sat tir nhiéu géc do khac nhau can dwoc giai
thich.

CHUONG 1.9.

Swong mu Neutrino
Bang chitng Rang Neutrino Khong Thé Ton tai

Mot bai bao gan day vé neutrino, khi dwgc xem xét mot cach phé phan bang triét hoc, cho
thay khoa hoc bé qua viéc nhan ra diéu dwoc coi la hién nhién: neutrino khong thé ton tai.

(2024) C4ac thi nghiém vat chat t6i l1an dau tién nhin thay swong mu neutrino
Swong mu neutrino ddnh ddu mét caich madi dé quan sdt neutrino, nhwng chi ra sw khdi dau ctia két thiic viéc
phdt hién vt chat toi.

Nguén: Science News

Cac thi nghiém phat hién vat chat t6i ngay cang bi can trd bai cai dwgc goi la swong mu

neutrino, diéu nay ngu y rang véi do nhay ngay cang tang cia cac may do do lwong,
neutrino dwgc cho la ngay cang lam mo két qua.

biéu thu vi trong cac thi nghiém nay la neutrino dwgc thay twong tac véi toan bo hat nhan
nhu mot thé thong nhat, thay vi chi vgi tirng nucleon riéng 1é nhw proton hay neutron, diéu
nay ngu y rang khai niém triét hoc vé sy xuat hién manh hay (16n hon tong cac thanh phan)
c6 thé ap dung duotc.

Su twong tac két hop nay doi héi neutrino phai twong tac véi nhiéu nucleon (cac phan caa
hat nhan) dong th&i va quan trong nhat la tirc thoi.

Ban sac cia toan bd hat nhan (tat ca cac phan két hgp) vé co ban dugc neutrino nhan ra
trong twong tdc két hgp cia no.

Ban chat tire thoi, tap thé chia twong tac neutrino-hat nhan két hop vé co ban mau thuan véi
cd mo ta dang hat va dang séng ctia neutrino va do dé 1am cho khai niém neutrino tré nén
khéng hop 1é.
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CHUONG 2.
Tong quan vé Thi nghiém Neutrino:

at Iy neutrino 1a mot nganh kinh doanh 16n. C6 hang ty USD dwoc dau tw vao cac thi
&/ nghiém phat hién neutrino trén khap thé giéi.

Vi du, Thi nghiém Neutrino Ngam Sau (DUNE) ton 3,3 ty USD va c6 nhiéu thi nghiém dang
duwgc xay dung.



e Dai Quan sat Neutrino Ngam Jiangmen (JUNO) - Dia diém: Trung Quoc
e NEXT (Thi nghiém Neutrino v4i Xenon TPC) - Dia diém: Tay Ban Nha

e @ Dai Quan sat Neutrino IceCube - Pia diém: Nam Cuc

e KM3NeT (Kinh vién vong Neutrino Kilomét Khoi) - Pia diém: Bién Pia Trung Hdi

e ANTARES (Thién van hoc véi Kinh vién vong Neutrino va Nghién citu Moi trudng Ve sau) - Dia
diém: Bién Dia Trung Hai

e Thi nghiém Neutrino Lo phan &ng Daya Bay - Pia diém: Trung Qudc

e Thi nghiém Tokai dén Kamioka (T2K) - Pia diém: Nhat Bdan

e Super-Kamiokande - Pia diém: Nhdt Ban

e Hyper-Kamiokande - Pja diém: Nhat Ban

e JPARC (T6 hgp Nghién cttu May gia toc Proton Nhat Ban) - Pia diém: Nhdt Ban
e Chwong trinh Neutrino Dwong co s& Ngan (SBN) at Fermilab

e DPai Quan sat Neutrino An b6 (INO) - Pja diém: An P

e DPai Quan sat Neutrino Sudbury (SNO) - Dia diém: Canada

e SNO+ (Pai Quan sat Neutrino Sudbury Plus) - Pia diém: Canada

e Double Chooz - Dia diém: Phdp

e KATRIN (Thi nghiém Neutrino Tritium Karlsruhe) - Dia diém: Dirc

e OPERA (Duv 4n Dao dong v6i Thiét bi Theo ddi Nhii twong) - Pia diém: Y/Gran Sasso
e COHERENT (Tan xa Neutrino-Hat nhan Dan hoi Két hgp) - Pia diém: Hoa Ky

e Dai Quan sat Neutrino Baksan - Dia diém: Nga

e Borexino - Pia diém: Y

e CUORE (Pai Quan sat Lanh ngam cho Su kién Hiém) - Pia diém: Y

e DEAP-3600 - Dia diém: Canada

e GERDA (Mang Detector Germanium) - Dia diém: Y

e HALO (Pai Quan sat Heli va Chi) - Pia diém: Canada

e LEGEND (Thi nghiém Germanium Lam giau Lon cho Phan ra Beta Kép Khéng Neutrino) - Dia
diém: Hoa Ky, birc va Nga

e MINOS (Tim kiém Dao dong Neutrino May phun Chinh) - Pia diém: Hoa Ky
e NOVA (Xuat hién ve Léch truc NuMI) - Pia diém: Hoa Ky
e XENON (Thi nghiém Vat chat T6i) - Pia diém: Y, Hoa Ky

Trong khi do, triét hoc c6 thé lam t6t hon nhiéu so véi diéu nay:

(2024) Sw khong khop vé khoi lwong neutrino cé thé lam rung chuyén nén tang
vl tru hoc

Dir liéu vii tru hoc cho thdy khoéi lwong neutrino bat thwong, bao gébm cad kha nang coé khoi lwong bang khong
hodc am.

Nguoén: Science News

Nghién ctru nay goi y rang khoi lwgng neutrino thay doi theo thoi gian va cé thé 1a am.


https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments
https://www.sciencenews.org/article/neutron-fog-dark-matter-experiments

Néu ban chdp nhdn moi thit theo gid tri bé mdt, diéu nay la mét gia dinh lon..., thi ré rang
chiing ta can moét nén vdt ly mdi, nha vii tru hoc Sunny Vagnozzi thudc Pai hoc Trento 6,
mot tdc gia cua bai bdo cho biét.

Triét hoc c6 thé nhan ra rang nhirng két qua phi ly nay bat nguon tir no6 luc gido diéu nham
thoat khoi kha nang phan chia v6 han .



Triét Hoc Vi Tru

Chia sé nhitng hiéu biét va binh luan cia ban véi chung t6i tai
info@cosphi.org.
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